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Abstract
Purpose:  To  study  the  complementary  diagnostic  value  and  role  in  the  perinatal  management
of foetal  MRI  in  the  prenatal  diagnosis  of  abnormalities  of  the  urinary  tract.
Patients and  methods:  Retrospective  monocentric  study  from  November  2002  to  June  2011  of
foetuses beneﬁting  from  an  MRI  after  ultrasound  diagnosis  of  uronephropathy  abnormalities.
Ultrasound  and  MRI  data  were  compared  with  postnatal  radiological  and/or  surgical  data  or
with the  foetopathology.  The  MRI  analysis  focused  on  the  diagnostic  concordance  with  the
ultrasound,  the  complementary  diagnostic  contribution  and/or  a  change  in  perinatal  care.
Results: Of  the  154  MRI  examined,  a  follow-up  was  obtained  for  108  cases.  The  indications  for
MRI were  classiﬁed  into  six  groups:  suspected  renal  agenesis  (n  =  20,  18.5%),  posterior  urethral
valve (n  =  20,  18.5%),  reﬂux  or  megaureter  (n  =  14,  13%),  uretropelvic  junction  syndrome  (n  =  24,
22.5%), enlarged  kidneys  (n  =  7,  6.5%)  and  others  (n  =  23,  21%).  The  information  supplied  by  ultra-
sound was  conﬁrmed  by  MRI  in  72  patients  (67%).  MRI  provided  additional  data  for  36  patients
(33%) and  changed  the  perinatal  care  for  16  patients  (15%).is  a  Conclusion:  Foetal  uro-MRI  
uropathy abnormalities.
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Malformations  in  the  foetal  urinary  tract  are  fairly  com-
on,  found  in  0.1  to  1%  of  all  pregnancies  and  account  for
bout  30  to  50%  of  the  abnormalities  found  at  birth  [1].
hey  are  most  often  detected  by  obstectrical  ultrasound,
he  examination  that  remains  the  screening  reference  [2].
he  spectrum  of  malformation  is  wide  and  the  greater  the
eduction  in  amniotic  ﬂuid  and  the  more  the  malforma-
ion  is  bilateral,  the  more  unfavourable  the  prognosis.  The
ltrasound  may  be  unable  to  provide  an  exact  diagnosis  and
rognosis  of  the  uronephropathy,  especially  when  the  con-
itions  are  unfavourable  (maternal  obesity,  unfavourable
osition  of  the  foetus,  oligohydramnios).  In  this  situa-
ion,  magnetic  resonance  imaging  (MRI)  is  of  value.  With
he  increasingly  fast  sequences,  it  helps  assess  the  foetal
natomy  without  requiring  maternal  sedation,  and  without
eing  disturbed  by  the  aforementioned  factors.
In  this  context,  MRI  has  been  validated  as  an  effective
echnique  to  assess  foetuses  suspected  of  malformations  (in
articular  neurological  malformations),  although  its  contri-
ution  to  the  diagnosis  of  foetal  uronephropathies  has  only
een  demonstrated  in  studies  carried  out  with  a  very  limited
umber  of  subjects  [9—12].  The  purpose  of  this  study  is  to
ssess  the  complementary  diagnostic  contribution  and  the
ole  in  the  perinatal  care  of  foetal  MRI  in  the  prenatal  diag-
osis  of  uronephropathies.
atients and methods
his  retrospective,  monocentric  study  was  carried  out  on
regnant  women  beneﬁting  from  a  foetal  MRI  for  suspi-
ion  of  uropathy  or  nephropathy  abnormalities.  A  foetal  MRI
as  carried  out  on  all  of  the  patients  included,  between
ovember  2002  and  June  2011,  at  hôpital  de  la  Timone  in
arseille.  This  MRI  followed  a  so-called  diagnostic  obstet-
ic  ultrasound  examination  by  referring  sonographers  from
 multi-disciplinary  prenatal  diagnosis  centre.
The  ultrasound  examinations  were  carried  out  using
everal  successive  sonographs:  EUB  alpha  (Hitashi,  Tokyo,
apon),  IU  22  (Philips,  Amsterdam,  Pays-Bas)  and  Voluson  E8
General  Electrics,  Milwaukee,  USA)  by  means  of  a  convex
—8  MHz  sound,  by  a  referring  obstetrician-gynaecologist  or
adiologist  at  the  prenatal  diagnostic  centre.  The  foetal
RI  was  indicated  in  a  multi-disciplinary  staff  meeting  in
rder  to  better  characterize  the  urinary  anomaly,  assess  the
tate  of  the  renal  parenchyma,  as  well  as  in  case  of  tech-
ical  ultrasound  difﬁculties  (oligohydranamnios,  maternal
besity,  etc.).
All of  the  MRI  was  carried  out  on  a  1.5  T  machine
Philips  Symphony,  Erlangen,  Germany).  The  MRI  study
egan  with  location  sequences  and  continued  with  HASTE
2  weighted  sequences,  then  TRUFISP  sequences,  and  T1-
eighted  sequences  in  the  three  planes  in  space  [3—5].
aternal  sedation  or  injection  of  contract  agent  was  not
sed  in  this  examination.  The  MRI  was  interpreted  by  two
adiologists  experienced  in  this  ﬁeld.
The  results  of  the  foetal  MRI  were  compared  with  those
f  the  obstetric  ultrasound  as  well  as  the  ‘‘gold  standard’’
rouping  postnatal  imaging  (kidney-bladder  ultrasound,  cys-
ography,  uro-MRI),  the  surgical  ﬁndings,  or  the  results  of
utopsy  (in  case  of  uterine  foetal  death  or  medical  inter-
uption  of  pregnancy).  The  analysis  of  the  MRI  was  used  to
u
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lassify  the  patients  into  two  groups  according  whether  the
oetal  MRI  conﬁrmed  the  data  of  the  obstetric  ultrasound
r  whether  it  speciﬁed  them  (contribution  of  complemen-
ary  or  contradictory  data,  veriﬁed  in  the  follow-up)  into
ix  sub-groups  according  to  the  initial  ultrasound  suspicion:
uspected  renal  agenesis,  posterior  urethral  valve  in  case  of
ilateral  ureteropyelocalyceal  dilatation  in  the  male  foe-
us,  possibly  associated  with  bladder  anomalies  (Fig.  1),
ilateral  nephromegaly  with  a  renal  length  exceeding  +  2  DS
Fig.  2),  suspicion  of  vesicoureteral  reﬂux  or  stenotic  megau-
eter  in  case  of  unilateral  or  bilateral  ureteropyelocalyceal
ilatation  or  bilateral  by  very  asymmetric  dilatation  without
ladder  anomaly,  suspicion  of  a  uretropelvic  junction  syn-
rome  in  case  of  pyelocalyceal  dilatation  without  ureteral
ilatation,  and  other.  The  ‘‘other’’  category  includes  atyp-
cal  suspicion  of  multi-cystic  dysplasia  (in  particular  due  to
heir  size  and/or  compressive  nature),  renal  hypotrophy,
ladder  exstrophy  (bladder  not  seen,  parietal  sub  umbilical
rregularities)  or  hypoperistaltic  megabladder/microcolon
yndrome.
By  consensus,  we  considered  that  the  MRI  had  an  effect
n  the  management  of  the  rest  of  the  pregnancy  or  birth
hen  it  helped  modify  the  obstetric  or  perinatal  care.
esults
etween  November  2002  and  June  2011,  150  single  preg-
ancies  and  four  twin  pregnancies  with  suspicion  of  an
ronephropathic  twin  beneﬁted  from  a  complementary  MRI.
hen  the  foetal  MRI  was  carried  out,  the  age  of  gestation
aried  from  21  to  38  weeks  of  amenorrhoea  (WA)  with  a  mean
ssessed  at  30  WA.  The  MRI  examinations  were  well  tolerated
y  the  patients  and  the  foetal  movements  did  not  alter  the
uality  of  the  image,  even  without  maternal  sedation.
The  postnatal  data,  considered  as  the  gold  standard,  was
nly  found  in  108  of  the  foetuses  (70%).  The  results  were  put
nto  several  categories  according  to  the  initial  ultrasound
uspicion:  suspicion  of  renal  agenesis  (20  foetuses  or  18.5%
ncluding  15  suspicions  of  unilateral  renal  agnesis  and  ﬁve
uspicions  of  bilateral  agenesis),  suspicion  of  posterior  ure-
hral  valve  (20  foetuses  or  18.5%),  bilateral  nephromegaly
7  foetuses  or  6.5%),  suspicion  of  vesicoureteral  reﬂux  or
tenotic  megaureter  (14  foetuses  or  13%),  suspicion  of  uretro
elvic  junction  syndrome  (24  foetuses  or  22.5%),  and  other
23  foetuses  or  21%).  The  renal  anomalies  were  bilateral  in
6  cases  (52%)  and  unilateral  in  52  cases  (48%).
The  results  of  the  foetal  MRI  (combined  with  the  ultra-
ound  follow-up)  complied  with  the  neonatal  data  in  105  of
he  108  foetuses,  that  is,  in  97%  of  the  cases,  as  opposed
o  60  out  of  108  foetuses,  that  is,  56%  of  the  cases,  with
he  ultrasound  examination  alone  (Table  1).  For  three  foe-
uses,  the  MRI  and  ultrasound  were  faulty,  ﬁnding  similar
ata,  and  invalidated  by  the  post-natal  examinations.  As
egards  the  ﬁrst  foetus,  the  obstetric  ultrasound  found  a
ilatation  of  the  pyelocalyceal  and  bilateral  urethral  cav-
ties  and  the  MRI  conﬁrmed  this  bilateral  but  asymmetric
ilatation  uretheropyelocalyceal  dilatation,  with  a  posterior
reter  visible  without  distinct  appearance  of  dilatation.  This
atter  examination  concluded  as  to  the  possibility  of  a  minor
orm  of  posterior  urethral  valve,  a  vesicoureteral  reﬂux  or
tenotic  megaureter.  The  ultrasound  carried  out  at  birth  was
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Figure 1. Male foetus with a posterior urethral valve by ultrasound at 30 WA  (a, b) and MRI at 32 WA  (c): a: parasagittal section revealing
dilatation of the pyelocalyceal cavities and megabladder with thick walls; b: coronal view showing pyelocalyceal dilatation and bilateral
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bureteral dilatation; c: sagittal section showing dilatation of the post
walls.
within  the  limits  of  the  norm  and  only  found  slight  bilateral
pyelectasis.  In  the  second  foetus,  the  obstetric  ultrasound
revealed  bilateral  pyelocalyceal  and  ureteral  dilatation,  the
MRI  found  a  similar  aspect  with  dilatation  of  the  posterior
urethra  without  bladder  dilatation  and  suggesting  a  minor
form  of  posterior  urethral  valve.  The  post-natal  ultrasound
and  cystography  detected  left  ureterocele  with  bilateral
uretheropyelocalyceal  dilatation  indicating  stenotic  megau-
reter.  The  third  foetus  was  also  suspected  of  posterior
urethral  valve  in  the  obstetric  ultrasound.  The  MRI  found
a  vesicoureteral  distension,  without  dilatation  of  the  pyelo-
calyceal  cavities,  with  open  bladder  neck  and  overly  good
visibility  of  the  posterior  and  anterior  ureter  to  suspect  an
anterior  urethral  valve.  The  post-natal  diagnosis  (ultrasound
and  retrograde  cystography)  displayed  a  bilateral  ureteral
dilatation  and  left  pyelectasis,  associated  with  a  large  blad-
der,  a  bilateral  vesicoureteral  reﬂex  predominant  on  the
left  and  a  diverticulum  of  the  anterior  ureter.  These  ele-
ments  suggested  a  neuromuscular  disorder  and,  associated
with  the  clinical  data,  helped  diagnose  a  Prune  Belly  syn-
drome.
In  72  of  the  108  foetuses,  the  MRI  and  the  obstetric
ultrasound  provided  concordant  results  (67%),  conﬁrmed  in
69  foetuses  by  post-natal  assessment.  In  17  patients  who
developed  an  oligoamniosis  (appeared  on  the  average  after
27.8  WA),  the  MRI  conﬁrmed  the  ultrasound  diagnosis  in
13  cases  (76%).
t
s
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Table  1  Summary  of  the  results  of  the  contribution  of  MRI  in  
Obstetric  ultrasound  MRI
Speciﬁes
Renal  agnesis  7  (35%)  
Posterior  urethral  valve  10  (50%)  
Nephromegaly  1  (14%)  
RVU  or  megaureter  6  (43%)  
Uretropelvic  junction  syndrome  8  (33%)  
Other  4  (20%)  
36  (33%)  urethra (arrow) and megabladder with thick, irregular and notched
In  36  of  the  108  foetuses,  the  MRI  provided  contradic-
ory  or  complementary  data  (33%).  It  was  able  to  specify  the
ltrasound  diagnosis  in  four  out  of  17  foetuses  (24%)  within
 context  of  oligoamniosis.  The  care  was  modiﬁed  in  16  of
hese  foetuses  (15%).  The  MRI  helped  invalidate  the  diagno-
is  of  posterior  urethral  valve  in  seven  foetuses,  mainly  by
he  absence  of  dilatation  of  the  posterior  urethra  and  the
ladder  and  thereby  reassure  the  parents,  allow  for  a  level  1
r  2  delivery  in  a  maternity  ward  and  postpone  a  post-natal
maging  assessment.  In  four  foetuses,  the  information  pro-
ided  by  the  MRI  led  the  multi-disciplinary  team  to  propose
 medical  abortion.  This  decision  was  based  on  a  suspicion
f  dysgenesis  of  the  caudal  pole,  cloacal  dysgenesis,  bilat-
ral  renal  agenesis  and  severe  bilateral  renal  hypodysplasia.
n  six  foetuses,  the  MRI  detected  renal  parenchymateous
ysplastic  lesions,  not  seen  in  the  ultrasound  examination
two  foetuses  with  diffuse  bilateral,  three  with  diffuse  uni-
ateral  and  one  with  focal  unilateral  dysplastic  lesions),  in
hich  a  post-natal  assessment  of  renal  function  (kidney-
ladder  ultrasound,  blood)  was  carried  out  early.  Three  of
he  foetuses,  two  with  a  suspicion  of  bilateral  uretropelvic
unction  syndrome,  the  other  with  stenotic  megaureter  or
ilateral  vesicoureteral  reﬂux,  actually  had  a  posterior  ure-
hral  valve.  MRI  rectiﬁed  the  diagnosis  and  thereby  early
urgical  care  and  a  level  3  delivery  were  indicated.
The  results  of  the  concordance  between  MRI  and  ultra-
ound  for  each  sub-group  are  summed  up  in  Table  1.
the  diagnosis  of  uronephropathies.
 Conﬁrms  Total
13  (65%)  20
10  (50%)  20
6  (86%)  7
8  (57%)  14
16  (67%)  24
19  (80%)  23
72  (67%)  108
576  
Figure 2. Foetus at 27 WA. Bilateral and symmetrical
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dysplasia,  renal  agenesis,  posterior  urethral  valve)  (Fig.  3).
F
cephromegaly with appearance in T2 hypersignal (ssh) of the
enal parenchyma (renal polycystitis). Oligohyamnios.
n  the  category  ‘‘suspicion  of  renal  agenesis’’,  the  MRI
evealed  ectopic,  horse-shaped  or  hypotrophic  kidneys.  In
he  ‘‘nephromegaly’’  category,  the  MRI  found,  in  one  foe-
us,  a  heterogeneous  appearance  in  T2  hyposignal  of  the
ight  kidney  parenchyma  suggesting  thrombosis  of  the  right
f
m
igure 3. Female foetus at 32 WA. Double system with bilateral pye
alyceal group, and left ureterocele (arrow).H.  Pico  et  al.
enal  vein,  which  was  conﬁrmed  by  the  foetopathology  (in
tero  foetal  death).  For  foetuses  with  a  suspicion  of  pos-
erior  urethral  valve,  megaureter,  vesicoureteral  reﬂux  or
retropelvic  junction  syndrome,  the  MRI  better  assessed  the
reteral  dilatation  as  well  as  that  of  the  posterior  urethra,
hereby  helping  distinguish  these  three  disorders.  It  also
elped  display  the  renal  dysplastic  lesions  of  obstructive
rigin.
In  the  ‘‘other’’  sub-group,  the  MRI  was  in  favor  of  cloacal
ysgenesis  in  one  female  foetus  presenting  multiple  mal-
ormations  (renal  dysplasia,  hydrocolpos,  microcolon)  and
elped  detect  duplicity  with  ureterocel  and  pyelic  dilatation
f  the  upper  pole  in  a foetus  initially  suspected  of  atypical
ysplasia.
iscussion
ltrasound  is  the  ﬁrst  type  of  imaging  to  assess  the  foetus.
he  performance,  improved  by  technical  progress  (better
pparatus,  high  frequency  sound)  and  availability,  make  it
he  ideal  method  of  screening  for  low  risk  populations.  The
oetal  MRI  is  also  a  safe  and  effective  technique  in  case
f  ambiguous  signs.  Congenital  kidney  anomalies  are  often
ssociated  with  oligohydramnios,  which  may  render  the
ltrasound  evaluation  difﬁcult,  whereas  the  foetal  MRI  is
ot  signiﬁcantly  affected  by  a  reduction  in  amniotic  ﬂuid
6].  In  this  study,  the  MRI  has,  in  this  situation,  conﬁrmed
he  diagnosis  of  uronephropathy  in  76%  of  the  cases  and
as  provided  complementary  information  in  24%  (renalMRI  is  currently  a  technique  that  has  been  validated  for
oetal  imaging,  although  it  also  has  its  limits  (morbid  obesity,
ovement  artefacts).  Currently,  no  harmful  effects  have
lo-ureteral dilatation predominant at the level of the upper left
of  uronephropathies  577
Figure 4. Male foetus with bilateral renal dysplasia associated
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RContribution  of  the  foetal  uro-MRI  in  the  prenatal  diagnosis  
been  demonstrated.  Several  studies  have  been  published
on  the  role  of  MRI  in  the  detection  and  care  of  anoma-
lies  of  the  central  nervous  system  and  thoracic  anomalies,
although  only  a  small  number  of  series  of  cases  have  been
published  on  the  use  of  MRI  in  the  assessment  of  foetal
uronephropathies  [7,8].  However,  the  MRI  has  been  found
able  to  suspect  the  aetiology  in  most  hydronephroses.  In  this
study,  the  MRI  helped  better  analyse  the  renal  parenchyma,
the  posterior  urethra  in  the  foetus  of  the  male  phenotype,
ureteral  dilatations  and  concomitantly  explore  the  digestive
tract.  In  case  of  difﬁculty  in  seeing  the  ureters  or  the  renal
parenchyma  by  ultrasound,  the  MRI  is  able  to  do  this  efﬁ-
ciently.  In  an  identical  manner,  it  is  difﬁcult  to  analyse  the
foetal  ureter  by  ultrasound  (pelvic  situation,  bone  interposi-
tion  of  the  pelvis),  whereas  the  MRI  eliminates  these  limits.
Similar  to  the  study  by  Poutamo  et  al.  [9]  which  noted
that  urinary  tract  anomalies  were  properly  diagnosed  in  15
out  of  22  foetuses  by  ultrasound  and  in  20  out  of  22  foetuses
by  MRI,  this  study  also  found  a  better  concordance  in  the
diagnoses  with  MRI  than  with  ultrasound  examination  (97%
concordance  with  MRI  versus  56%  with  ultrasound).
In  this  study,  the  MRI  changed  the  obstetric  care  or
postnatal  care  for  12  foetuses,  and  recommended  a  medical
abortion  for  four  foetuses  [10].  Among  these  foetuses,  13
presented  bilateral  renal  anomalies  detected  by  ultrasound
(81%)  [11].  In  addition,  Cassart’s  team  [12]  demonstrated
that  MRI  may  provide  more  precise  information  than
ultrasound,  and  inﬂuence  the  obstetric  decision.  They
thereby  recommended  a  medical  abortion  for  three  foe-
tuses  (renal  polycystitis,  bilateral  renal  agenesis  and
Jeune  syndrome)  and  helped  reassure  the  parents  and
obstetricians  by  eliminating  a  diagnosis  of  megabladder-
microcolon,  and  thereby  continue  the  pregnancy  in  one
case.  The  study  by  Alamo  et  al.  [13]  found  similar  results
with  a  modiﬁcation  in  the  care  for  ﬁve  foetuses.  This
information  justiﬁes  a  foetal  MRI  in  the  case  of  bilateral
renal  anomalies  or  megabladder  while  its  contribution  is
more  debatable  in  unilateral  disorders  (uretopelvic  junction
syndrome,  stenotic  megaureter,  vesicoureteric  reﬂux  and
unilateral  renal  agenesis)  especially  when  the  bladder  and
the  quantity  of  amniotic  ﬂuid  are  normal.
In  the  study  by  Domenech-Fontenel  et  al.  [14],  MRI  also
helped  distinguish  dysplastic  lesions  and  dilatation  of  the
pyelocalyceal  cavities,  as  in  our  study,  showing  a  better  anal-
ysis  of  the  renal  parenchyma  by  MRI  (Fig.  4).  The  antenatal
evaluation  of  the  foetal  renal  function  by  puncture  of  the
amniotic  ﬂuid  of  foetal  blood  [15]  was  little  used  in  our  study
due  to  the  risk  of  inducing  major  prematurity.  Non-invasive
methods  were  preferred  (repeated  ultrasound,  foetal  MRI)
analyzing  the  appearance  of  the  renal  parenchyma  and  the
quantity  of  amniotic  ﬂuid.  Certain  methods  are  being  devel-
oped  and  assessed,  such  as  functional  imaging  by  magnetic
resonance  [16].
This  study  comprises  a  number  of  biases  inherent  in  a
retrospective  study  over  a  long  period  of  time:  multiplicity
of  sonographers  and  ultrasounds  in  particular.  In  addition,
until  the  recommendations  by  the  technical  committee
for  prenatal  ultrasound  screening,  there  has  been  little
codiﬁcation  of  the  so-called  diagnostic  ultrasound  exami-
nation,  in  particular  for  the  analysis  of  the  foetal  urinary
tract.  This  study,  due  to  its  retrospective  nature,  was  not
carried  out  in  blind  conditions.  In  fact,  the  radiologistsith dilatation of the pyelocalyceal cavities and an oligohyamnios
n MRI at 35 WA,  in coronal (a) and parasagittal sections (b).
ho  interpreted  the  foetal  MRI  assisted  the  prenatal
iagnosis  staff  and/or  themselves  carried  out  the  obstetric
ltrasound  examinations.  Therefore,  this  work  continues
n  a  prospective  manner  by  protocoling  the  ultrasound  and
RI  analysis  of  the  foetal  urinary  tract.
onclusion
he  obstetric  ultrasound  examination  is  the  ﬁrst  choice
ethod  of  screening  to  assess  renal  foetal  anomalies  and
ppears  to  be  sufﬁcient  in  most  cases.  This  study  shows,
n  a  large  number  of  cases,  that  MRI  can  help  better  char-
cterize  anomalies  of  the  urinary  tract  in  certain  selected
ases  (bilateral  anomalies  of  the  urinary  tract,  oligohydram-
ios,  technical  difﬁculties,  etc.)  or  in  certain  indications
suspicion  of  cloaque  or  megabladder-microcolon).  MRI  com-
ined  with  ultrasound  can  provide  a  more  precise  diagnosis,
n  particular  due  to  the  complementary  analysis  of  the
enal  parenchyma,  ureters  and  posterior  urethra,  and  better
etermine  the  prognosis  or  even  modify  the  perinatal  care.
lthough  high  frequency  ultrasound  has  a  full  role  to  play,
RI  seems  to  be  unavoidable  when  the  technical  ultrasound
onditions  are  poor  and  for  the  concomitant  analysis  of  the
oetal  digestive  tract.
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